Non-polymerizability of platelet tropomyosin and its NH2- and COOH-terminal sequences  by Côté, G. et al.
Volume 91, number 2 FEBS LETTERS July 1978 
NON-POLYMERIZABILITY OF PLATELET TROPOMYOSIN AND ITS NH*- AND 
COOH-TERMINAL SEQUENCES 
G. COTI?, W. G. LEWIS and L. B. SMILLIE 
Medical Research Council of Canada Group on Protein Structure and Function, Department of Biochemistry, 
University of Alberta, Edmonton, T6G 2H7 Canada 
Received 10 May 1978 
1. Introduction 
Tropomyosin molecules from skeletal and 
cardiac muscle are highly asymmetric structures in 
which the two constituent polypeptide chains are 
arranged as a-helices in a coiled-coil structure. At low 
ionic strength these molecules aggregate head-to-tail 
to form extended filaments which in vivo lie in the 
two grooves of the F-actin structure. The binding 
of calcium to the troponin-C component of the 
troponin complex, with which each tropomyosin 
molecule is associated, leads to a change in the posi- 
tion of the tropomyosin in the actin grooves and to 
the interaction of myosin heads and actin [l] 
Tropomyosin from rabbit skeletal muscle is 
composed of two major forms, (II and 0, which have 
identical molecular lengths but show 39 differences 
in their amino acid sequences [2] . These two 
forms are separable under a variety of conditions of 
SDS-polyacrylamide gel electrophoresis (PAGE) or 
by chromatography on CM-cellulose, at pH 4.0, in 
8 M urea [3-51 . They are partially separated by 
chromatography under non-denaturing conditions 
on hydroxylapatite [6,7] . 
Tropomyosin-like molecules can be isolated from 
a variety of non-muscle tissues and although as yet 
poorly characterized, appear to be similar to muscle 
tropomyosin in terms of amino acid composition, 
the formation of paracrystals in the presence of 
divalent cations and their ability to confer calcium 
sensitivity, in the presence of troponin, on acto- 
myosin interactions [8-l l] . The non-muscle tropo- 
myosins, however, are 2 1/7th their muscle counter- 
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parts with a subunit mol. wt -29 000. They also 
show at least 10 peptide map differences from the 
muscle tropomyosins [ 111 . 
We have isolated tropomyosin from horse platelets 
and shown that the purified protein has an a-helical 
content and thermal stability very similar to that of 
skeletal tropomyosin. The protein is separable into 
two bands on SDS-polyacrylamide gels and these 
are partially separated by chromatography on 
hydroxylapatite. However, the ability of the platelet 
tropomyosin to form end-to-end aggregates at low 
ionic strength as judged from viscosity and molecular 
weight determinations is markedly reduced when 
compared with muscle tropomyosin. This lack of 
aggregation is correlated with markedly different 
NH*- and*COOH-terminal sequences. 
2. Materials and methods 
Tropomyosin was purified from freshly isolated 
horse platelets by successive homogenizations in a 
Waring blender with 0.1 M NaCl and 1 .O M NaCl 
buffered with 10 mM Tris-HCl, 2.5 mM EDTA, 
at pH 8.0. Following several isoelectric precipita- 
tions, at pH 4.6, the protein was purified to better 
than 95% homogeneity by ion-exchange chromatog- 
raphy on aminohexyl-Sepharose and hydroxyl- 
apatite. Full details will be published elsewhere. The 
purity of the product was monitored by SDS- 
polyacrylamide gel electrophoresis (PAGE) either as 
described earlier in phosphate buffer [ 121 or by the 
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Laemmii procedure [ 13f in Tris buffer. Circular 
dichroism spectra and melting data were collected as 
in [14] . Protein concentrations were determined by 
amino acid analysis assuming a value of 29 alanine 
residues/platelet ropomyosin polypeptide chain. 
Viscosity experiments were performed using a Cannon- 
Manning semi-micro viscometer, type A50, with a 
flow-through time for water of about 5 min. All 
solutions were dialyzed against the appropriate buffer 
overnight and rendered dust-free by passage through 
a IO-20 Ctrn sintered glass filter. Molecular weights 
were determined by sedimentation equilibrium 
analysis in 0.1 M NaCl, 20 mM phosphate, 1 mM 
di~io~reitol, pH 7.0 buffer. The NH~-tern~inal 
peptide derived from a tryptic digest was recognized 
by its failure to yield a dansyl derivative after reac- 
tion with dansyl-chloride and acid hydrolysis. It was 
isolated in pure form by chromatography on Chromo- 
beads type P resin followed by high-voltage electro- 
phoresis, at pH 6.5 [ 15 ,161 . Under the latter condition 
the peptide was neutral. Its partial sequence was 
elucidated by application of the dansyl-Edman method 
Figla. SDS-polyacrylamide gel electrophoresis on 5% gels 
buffered with phosphate, pH 7.0 as in [ 121. Platelet tropo- 
myosin runs as a single band on this system: (a) phosphoryl- 
ase, M, 93 000; (b) bovine serum albumin,Mr 67 000; 
(c) horse platelet tropomyosin; (d) ovalbumin, Mr 45 000; 
(e) chymotrypsinogen,Mr 26 000; (fj ribonuclease, 
Mr 12 600. Fig.lb. SDS-polyacrylamide gel electrophoresis 
on 8% gel buffered with Tris-HC1 as in f 131 : (a) rabbit 
skeletal tropomyosin; (b) horse platelet tropomyosin. 
to peptides derived from Ar~~i~~aria mellea protease 
[ 171 and S. au~etas protease digestion [ 181 as well as 
partial acid hydrolysis [I 9) . The intact peptide was 
also digested with penic~locarboxypeptidase S j20]. 
For COOH-terminal anaIysis of the intact protein, 
carboxypeptidase Y (Pierce) digestions were perform- 
ed at 36% in 0.1 M pyridine acetate buffer, pH 5.9, 
containing 60 IJM norleucine [21] The enzyme: 
protein ratio was 1:200 with a platelet tropomyosin 
concentration of 2 mg/ml. Following termination of 
the reaction by heating in a boiling water bath for 
5 min, the precipitate was removed by centrifugation 
and free amino acids in the supernatant analyzed on a 
Durrum D-500 amino acid analyzer. Values for each 
digestion time were standardized using norleucine. 
The precipitated protein was subjected to SDS- 
PAGE to ensure that no endopeptidase cleavages 
had occurred. 
Fig.lb 
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3. Results 
After purification on a hydroxylapatite column 
the platelet tropomyosin runs as a single band on 
SDS-PAGE-phosphate gels with subunit mol. wt 
28 000 (fig.la). On SDS-PAGE-Tris gels [13] , the 
platelet tropomyosin is seen to consist of two bands 
(fig.lb) with the slower moving band generally 
forming a higher percentage of the total protein. In 
conformity with the nomenclature adopted for the 
muscle tropomyosins the faster component is 
designated (11 and the slower /3. The amino acid 
composition of the horse platelet tropomyosin was 
found to be virtually identical to the human platelet 
protein isolated [ 81 . The only significant difference 
was that cysteine, determined as cysteic acid after 
performic acid oxidation [22] , was present as 
2 residues/chain. 
The platelet molecule, although shorter, appears 
to form as stable a coiled-coil as the muscle molecule. 
Thermal denaturation curves (fig.2) using the circular 
1 I I I I I I I 1 
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Fig.2. Circular dichroism thermal denaturation curves of 
platelet tropomyosin in 1 .O M NaCl (0) and 0.1 M NaCl (m) 
50 mM PO,, 1 mM DTT, pH 7.0. The ratio Ot/B1,, is the 
fractional ellipticity observed at the indicated temperature 
with respect to the ellipticity at 10°C at 222 nm. 
dichroism ellipticity at 222 nm as a measure of 
helical content, indicated a melting temperature 
(r,) in 0.1 M KCl, 20 mM phosphate, 1 mM 
dithiothreitol, pH 7.0 of 47°C and in 1 .O M KCl, 
20 mM phosphate, 1 mM dithiothreitol, pH 7.0, 
of 5 1°C. Under identical conditions skeletal (Y 
tropomyosin had 7’, values of 44°C and 5 l”C, 
respectively. Calculations of helical content at 20°C 
from the ellipticity at 2 10 nm and 222 nm gave 
values greater than 95% [23] 
An important property of the muscle tropo- 
myosins is their ability to aggregate head-to-tail at 
low ionic strength, a phenomenon which results in 
a large increase in viscosity [24,25] . As indicated 
in fig.3, the relative viscosity of rabbit skeletal (Y 
tropomyosin increases sharply as the ionic strength 
is lowered below 0.1. Platelet tropomyosin, however, 
shows a much smaller viscosity increase indicating 
a decreased tendency for end-to-end aggregation. 
Further evidence for a decreased ability of the 
platelet tropomyosin to aggregate was obtained by 
sedimentation equilibrium measurements in 0.1 M 
KCl, 0.01 M Tris-HCl, pH 8.0. Under these condi- 
tions 01 tropomyosin was present largely as a 
. 
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Fig.3. Relative viscosity versus ionic strength curves for 
rabbit skeletal 01 tropomyosin (X) and horse platelet tropo- 
myosin (0) at 2 mg/ml. Concentrations were adjusted by 
using the A 280. I!Z~~$’ was taken as 3.3 for skeletal (Y tropo- 
myosin, and 2.8 for platelet tropomyosin. All solutions 
contained 2 mM mercaptoethanol, 10 mM cacodylate 
pH 7.0. Each sample was dialyzed overnight against the 
appropriate buffer before reading the viscosity. 
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NH2-terminal sequence 
1 5 10 
Horse platelet X-(Leu,Gly,Ala)-Asn-Ser-Leu-Glu-Ala-Val-Lys-Arg- 
Rabbit skeletal a AC-Met-Asp-Ala- Ile-Lys-Lys-Lys-Met-Gln-Met-Leu- 
COOH-terminal sequence 
280 284 
Horse platelet -Ser-Glu-Leu-Leu-Ile-COO- 
Rabbit skeletal a -Asp-Met-Thr-Ser-Ile-COO- 
Fip.4. Comparison of NH,- and COOH-terminal sequences of horse platelet and rabbit skeletal tropomyosins. Numbering of 
residues is for the rabbit skeletal muscle protein [ 15,161. 
mixture of dimers and trimers with mol. wt 140 OOO- 
I60 000, while the platelet tropomyosin gave values 
of 50 000-90 000 indicating monomers in equilibrium 
with some dimeric material. 
These differences in head-to-tail aggregation 
suggested that either one or both of the NH,- and COOH. 
terminal sequences of the platelet tropomyosin were 
si~i~cantly different from the muscle protein. This 
was confirmed by the isolation and partial sequence 
determination of a blocked NH1_-terminal peptide 
from a tryptic digest of the citraconylated protein. 
A tentative sequence for the COOH-terminus of the 
protein was elucidated by treatment of the intact 
protein with carboxypeptidase Y. A comparison of 
these sequences with those of the rabbit skeletal Q 
conlponent (fig.4) shows no homology at the NH*- 
terminus and significant differences at the COOH- 
terminus. 
4, Discussion 
Platelet tropomyosin is shown to consist of two 
types of subunits which can be resolved on SDS- 
PAGE in the Laemmli discontinuous buffer system 
[ 131. The two forms are probably highly homologous 
as is the case for the (Y and @ forms of rabbit skeletal 
muscle tissue [2,15,16] . Kecently it has been shown 
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that brain tropomyosin also consists of two different 
poIypeptide chains 1‘261 and this may be a common 
feature of tropomyosins from all non-muscle cells. 
Although separable on SDS-PAGE under certain 
conditions there is no reason to believe that they have 
significantly different molecular weights. The Q and /3 
compo~lents of rabbit skeletal tropomyosin are now 
known to be identical in moiecular length [2f. 
Surprisingly the platelet tropomyosin has signif- 
icantly less tendency to form end-to-end aggregates 
than muscle tropomyosin as indicated by lower 
viscosity and molecular weight measurements at low 
ionic strength. The removal of 4 residues including 
Met-28 1 from the COOH;terminus of skeletal muscle 
ff-tropomyosin with carboxypeptidase A has lead to a 
loss of poIymerizab~ity [12,27,28] . The chemicaI 
modification of Lys-7 and one or more of the 
methionines in the NH,-terminal region has a similar 
effect [ 121. The finding in the present work that the 
NH,-terminal and COOH-terminal sequences of 
platelet tropomyosin are markedly different from the 
muscle protein, even though other regions of the 
sequence show a higher degree of sim~arity (W. G. L., 
G. and L. B. S., unpub~shed), therefore accounts for 
its relative inability to form head-to-tail aggregates at 
low ionic strength. 
The significance of these observations in terms of 
the possible role of platelet tropomyosin in the 
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regulation of actomyosin interaction is presently 
unclear. Non-polymerizable skeletal muscle tropo- 
myosin, prepared by treatment with carboxy- 
peptidase A, in combination with troponin has been 
reported to repress the superprecipitation of acto- 
myosin in the absence of calcium, while this repres- 
sion was released by the addition of calcium [27] . 
However, the curve representing the superprecipita- 
tion rate as a function of pCa was less steep than 
that found with untreated tropomyosin, troponin 
and actomyosin. These results indicate that a degree 
of cooperativity in the regulation of muscle con- 
traction is mediated by head-to-tail interaction of 
tropomyosin molecules along the thin filament. Since 
this head-to-tail interaction in platelet tropomyosin 
appears to be less extensive and perhaps lacking, it 
can be predicted that the platelet tropomyosin will 
show a lesser degree of cooperativity in the calcium 
regulation of a reconstituted muscle actomyosin 
system. 
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